Children and adolescents with multiple sclerosis (MS) are reported to show high rates of relapse early in the course of the disease as well as cognitive deterioration over time. Immunomodulatory therapies developed for adult MS patients are currently the standard first-line agents for most paediatric MS patients. Available data indicate that the three interferon-beta preparations and glatiramer acetate are safe and well tolerated in children and adolescents with MS, and provide preliminary indications of efficacy in terms of relapse rate reduction. However, these treatments are only partly effective and their routes of administration can be bothersome, particularly for children. Emerging therapies for MS offer promise for improved disease control and long-term clinical outcome, with the advantage of an oral administration for some of them. The future approval of these new medications requires clinical trial consideration of such therapies in the paediatric population. Many of these new agents carry a higher risk for serious adverse events with increased toxicity and still undefined long-term side effects. There are ethical issues as well as issues related to feasibility that must be borne in mind when planning investigation trials for new pharmacological agents in the paediatric population, including immunological maturity, key period of exposure to numerous community-acquired infections, neurodevelopmental factors, in addition to shortterm and long-term age-related toxicities. Furthermore, the lack of a large enough paediatric MS population worldwide limits some designs and the feasibility of participation in all the studies. Emerging new therapies have the potential to optimize the care of both paediatric and adult patients with MS. Future treatment trials in children and adolescents with MS will require a multicentre design, definition and selection of key outcome measures, and identification of the most promising therapies. Risks versus benefits of each specific treatment should be weighed and comprehensively discussed.
Introduction
Paediatric-onset multiple sclerosis (MS) has been a focus of great interest in recent years and an increasing number of studies are dedicated to the delineation of the characteristics of the disease in this age group. Approximately 3-5% of MS patients experience their first attack during childhood [Duquette et al. 1987; Ghezzi et al. 1997; Boiko et al. 2002; Chitnis et al. 2009 ].
Class I level evidence for a reduction in relapse frequency in adults with MS has led to the use of interferon beta and glatiramer acetate in children.
Currently the available disease-modifying therapies (DMTs) are known to be only partially effective in adults with MS. Little is known about paediatric patients with MS, but inadequate treatment response to first-line DMTs, such as persistent relapses and disease progression, has been reported by treating physicians in 30-44% of children [Ghezzi et al. 2009; Yeh et al. 2011 ]. These reported findings highlight the importance of establishing an accurate definition for inadequate treatment response in paediatric patients with MS, and the need for new therapeutic options in these patients [Chitnis et al. 2012 ].
All first-and second-line MS therapies used in children and adolescents are off-label since immunomodulatory therapies currently approved for adults with MS have not been formally evaluated by clinical trials in children [Tenembaum, 2010; Kuntz et al. 2010; Ghezzi, 2010; Banwell et al. 2011 ]. However, consensus recommendations regarding the use of existing first-and second-line therapies, as well as the evaluation of new therapies in paediatric patients with MS, have recently been published by the International Pediatric Multiple Sclerosis Study Group (IPMSSG) [Chitnis et al. 2012] .
New therapeutic strategies are currently being tested or have been approved recently for adult patients with MS (Table 1) , including oral therapies and monoclonal antibodies. Some seem to have a stronger clinical impact comparing published data with current first-line therapies for MS (although head-to-head trials are lacking), while others offer the convenience of oral administration; however, their long-term safety profiles have yet to be established [Coles et al. 2008; Hauser et al. 2008; Killestein et al. 2011 ].
Some of these new agents might play an important role in the treatment of paediatric patients with MS, but it will be necessary to start evaluating how such therapies might be tested in paediatric patients. There are ethical as well as feasibility issues that must be borne in mind when planning investigation trials for new pharmacological agents in the paediatric population.
General ethical issues in human research
Phase I and phase II trials are the first stage of drug development testing in human subjects. These stages are rarely performed initially in children, as a safe dose is established in adult patients, except when a disease is exclusive to the paediatric population. There are strict ethical principles established for medical research involving human subjects. The internationally accepted requirements have been constituted in the Nuremberg Code of 1947, the Declaration of Helsinki [World Medical Association, 2008] , first adopted in 1964, the Belmont Report of 1979 [US Department of Health, Education, and Welfare], and the Principles of Biomedical Ethics developed in the 1970s [Beauchamp and Childress, 2009 ].
The Belmont Report settles on the three key principles of ethical trial conduct: respect for persons, beneficence and justice.
(1) Respect for persons recognizes the need for voluntary informed consent and adequate patient information about the research aims, methods, anticipated benefits and potential risks of the study, and the procedures that will be carried out. This principle of patient autonomy is of extraordinary importance, particularly in the case of studies including children.
(2) The second principle involves the analysis of benefits and risks and harms. A reasonable and critical weighing of risks and benefits of a new intervention against those of the best current proven interventions before starting a trial is indispensable. (3) Finally, the concept of justice deals with the fair selection of participants in a study. There should be no other reasons other than scientific or ethical ones for including children in research [Henschel et al. 2010] .
Ethical issues regarding investigation trials in children
Ethics on recruitment One aspect of paediatric investigation plans to be considered in the first place is the need for voluntary informed consent. Children may not have the autonomy to decide whether to participate in a trial or to refuse participation. Following the Declaration of Helsinki they are considered '"legally incompetent'", and the physician must seek informed consent from the legally authorized representative. Therefore, parents or legal guardians have to consent in the best interest of the child. However, institutional review boards at most institutions request assents to be signed by children, thus involving them in the decision process. Union, 2008] . This document considers that children with normal cognitive competence are able to express assent or denial of participation in a research project at about the age of 7 years. Nevertheless, the Ethics Working Group of the Confederation of European Specialists in Paediatrics considers that the ability to understand the possible benefits and risks of a research study can be expected at the earliest from the age of 9 years onward [Gil, 2004] . To be able to assent to trial children need to be informed in detail about the research procedures and methods. Consequently, their assent should be sought using age-appropriate information.
Another ethical as well as practical and scientific issue concerns the number of paediatric patients available for a study. On the one hand, for ethical reasons, the sample size should be kept as small as possible in order to include no more patients in a trial than necessary with the objective of minimizing unnecessary risks. On the other hand, the sample size should be large enough to have a significant impact on study power.
An independent reason for a small sample size is the infrequency of a particular paediatric disease. Several large series report prevalence rates of paediatric-onset MS at 2.2 -4.4% of all MS cases [Ghezzi et al. 1997; Boiko et al. 2002; Renoux et al. 2007; Chitnis et al. 2009 ]. Population-based studies suggest even lower rates, with paediatric MS accounting for only 1.7% of MS cases [Fromont et al. 2010; Klein et al. 2010] . The lack of a large enough paediatric MS population worldwide limits some designs and the feasibility of participation in all the studies, due to the competitive setting of multiple potential investigations into different emerging medications.
Ethical use of placebo
Regulatory and ethical guidelines emphasize that in some instances the thoughtful use of placebo remains essential to determine the efficiency of new medical interventions.
Placebo-controlled clinical trials have long served as the standard design for MS clinical studies. However, the ethics of such clinical trials in an era of available established therapies have been widely discussed, triggered by revisions to the Declaration of Helsinki in 2000.
Consequently, an international group of MS specialists, ethicists, statisticians, representatives from the regulatory agencies and from the pharmaceutical industry met in 2006 to reconsider recommendations regarding the ethics of placebo-controlled trials in MS [Polman et al. 2008a ]. The group concluded that placebo-controlled trials can still be performed ethically, but with restrictions. The following indications were considered ethically justifiable: (a) when the outcomes of placebo therapy do not increase the risk of serious or irreversible harm, as in clinical trials of symptomatic agents; (b) in forms of the disease for which there is no established effective therapy, including primary progressive MS and secondary progressive MS in which relapses are no longer present; (c) when there is an established effective therapy, placebo-controlled trials of novel agents are ethical in subjects who have not responded to those established therapies.
Placebo-controlled trial design requires that some study individuals forego active or possibly effective therapy. In addition, this model of trial requires large cohorts of patients, large enough to generate valid evidence. Nevertheless, this prerequisite is well beyond the numbers achievable in the paediatric MS context.
Ethical considerations of alternatives to placebo-controlled trials
Among the most prominent of alternative designs for MS clinical trials are add-on and active comparator arm studies.
Active comparator arm studies use either a noninferiority or superiority design to compare outcomes of treatment with an established therapy against a novel therapy. In this study design there is no risk of placebo treatment, but a 10-fold increase in sample size is needed for an active comparator study compared with a placebo-controlled study to obtain an endpoint or answer [Polman et al. 2008 b] . Increasing the numbers of patients exposed to potential danger or lack of efficacy of the novel agent may result in an ethical challenge, particularly when the study includes paediatric patients.
In add-on studies a novel or experimental agent or its placebo control are added to an established therapy. Add-on studies are feasible and ethically acceptable, especially if the novel treatment has a potentially synergistic or additive biological mode of action [Polman et al. 2008a ]. Patients who have had a suboptimal response to first-line therapies may be the best candidates for this kind of study. Nevertheless, such trials may only provide information for a subgroup of partial nonresponders, a study group that may differ from a treatmentnaïve population (Polman et al. 2008a ).
Other alternative designs to placebo-controlled trials are attractive, but each presents its own practical and ethical considerations. Dose-ranging studies that aim to avoid the use of placebo by offering one or more dose arms that are subtherapeutic as a control are no more ethical than are placebo-controlled studies. In deferred-treatment arm studies, one or more groups are randomized initially to short-term placebo followed by the investigational agent compared with the investigational agent from the start. However, the potential risk of remaining on placebo, even over the short term, should be considered to justify such a design.
Adaptive randomization, a study design in which the proportion of patients assigned to placebo changes as information is gathered, is an alternative way to reduce the number of subjects receiving placebo. However, reducing the number of subjects exposed to placebo does not ensure the ethics of such a trial design [Polman et al. 2008a ].
Phase IV studies can generate a sufficient amount of pharmacokinetic (PK) and pharmacodynamic (PD) information as well as safety data for drugs already approved or about to be approved in adults. The PK and PD data of a particular agent and the potential differences in children and adolescents should be taken into account when considering use and dosing in paediatric MS patients [Chitnis et al. 2012] .
Ethics committee with paediatric expertise
Any clinical trial may be undertaken only if an ethics committee has legitimated the protocol. Different aspects of a clinical trial, such as the relevance and advantages of the study, risk/benefit ratio, quality of the institution and expertise of the researchers involved, must be evaluated by an independent body of health professionals. This is especially true among paediatric patient populations.
In the case of multicentre clinical trials, the single opinion of an ethics committee must be given for each researcher's site and state involved in the multicentre trial. Ethics committees are in general heterogeneous, thus offering multiple views and judgements.
As an example, a survey was carried out among European ethics committees to evaluate the impact of the new European paediatric regulatory framework and to assess their involvement and interest in paediatric research [Altavilla et al. 2012] . Results showed a lack of knowledge, understanding, awareness and involvement of ethics committees in paediatric research, especially in terms of training and education. Nevertheless, the majority of participants expressed interest in future initiatives related to paediatric research. Therefore, using an international network may be essential to enhance the work of ethics committees in paediatric research.
In addition, the selection of an ethics committee coordinator/facilitator, ethically and economically independent from the sponsors of the study, would guarantee the quality of discussions during the evaluation process [Knellwolf et al. 2011] .
The most challenging area in paediatric MS is the identification of therapeutic strategies and safe agents that target relevant disease processes. At present, there are no regulatory agency-approved therapeutics for paediatric MS in North America or Europe, even though the approval of the regulatory agency in Europe restricts administration of DMTs to patients 12 years of age and older. Strategies to evaluate systematically the place of individual therapies in the armamentarium of the treating physician are needed. Immunomodulatory agents target an important disease process, however, additional strategies are required to prevent progressive disability and enhance repair of the damaged nervous system in children with MS. Targeting those molecules that play a key role in the pathogenesis of inflammatory demyelination of the central nervous system might be a strategy to reverse acquired disability in MS.
Conclusion and recommendations
The inclusion of paediatric patients in MS trials evaluating new therapeutic agents is essential to reduce the use of medications that are currently off-label, and to ensure that children are exposed to safe as well as effective treatments [Knellwolf et al. 2011; Henschel et al. 2010 ]. Nevertheless, there is an urgent need to update the methodology used to conduct clinical trials in paediatric patients, as well as to define validated endpoints for these studies.
Emerging therapies should be evaluated in pediatric MS in the context of carefully designed multicentre clinical trials with standardized clinical, biological and neuroimaging evaluations, including the identification of the most promising therapies [Chitnis et al. 2012 ]. All paediatric MS clinical trials and situations in which clinical trials may not be feasible due to restricted indications, should include a long-term prospective registry capturing valuable information on both short-and long-term safety and tolerability [Chitnis et al. 2012] .
Probably the best way to achieve all the aforementioned ethical challenges in paediatric clinical trials will be through a consensus meeting including an international group of paediatric and adult MS specialists, ethicists and statisticians, in addition to representatives from the regulatory agencies and the pharmaceutical industry, where the concept of clinical trials in children and adolescents with MS is addressed by workgroups discussing recommendations on design and outcome measures in paediatric MS. One of the aims of the IPMSSG is to support these initiatives.
